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PREFACE

Goddard Space Flight Center sponsored the Tenth TAE Users' Conference on
June 14-17, 1993 held at Goddard.

This document represents the proceedings of the Tenth TAE Users' Conference.
The presentations included in these proceedings were published as received from the
authors with little modification and editing.
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Message From the TAE Project Manager

This was the first TAE conference that followed an informal workshop format with
panel discussions, demonstrations, tutorials and working sessions. It provided a
chance for all attendees to participate - and they did! The informal format worked
extremely well and helped to create a very interactive environment. Attendees
actively participated, and there was a good exchange of information and experiences
between TAE users and developers. This feedback from many of you will help us plan
future directions for TAE Plus.

The Tenth TAE Conference is the last TAE Users’ Conference that Goddard Space
Flight Center will coordinate. With the software being transferred into the private
sector, all future user conferences will be managed by Century Computing, Inc., the
commercial developers/distributors of TAE Plus. On this note, the conference offered
a great opportunity for the TAE Project Office, the TAE Support Office and Century
Computing to respond to TAE users’ questions, concerns and comments about the
commercialization of TAE. Several of the presentations discussed more details about
the transfer and described what will be available in TAE Version 5.3, the first com-
mercial release. I think we all came away with a better understanding of what the
technology transfer “means to me”.

Many thanks to each and everyone who participated in the conference.

Chris Rouff
TAE Project Manager
NASA/Goddard
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Keynote Address

Managing the Design of the User Interface

Deborah Mayhew
Deborah Mayhew and Associates
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Managing the Design of the User Interface

7

A i

Managing the Design of the User Interface

AGENDA

K5 What Makes an Interface Usable?
57 How Do You Do It?

I3 Why Should You Care?

I Who Else is Doing It?

" What Has Their Experience Been?

I3 How Can You Get Started?

D. copyright 1988 Deberah J. Mayhos & Aseosiates 1 IFJ

I
LB DIMA IE
Managing the Design of the User Interface
WHAT MAKES AN INTERFACE USABLE?

I Design Issues

I3 Example One: Screen Design

I Example Two: Organization of Functionality

5" Example Three: Color

& Example Four: /'O

copyright 1983 Debarah J. Mayhaw & Asoscistos
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?

Design Issues

Dislog 1/0
Style ] Devices

Organizstion of
Functionslity

/ Screen Layout snd Design \

Response Time Error Handling
User Documentation

sopyright 1963 Deberah J. Mayhow & Associaten
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?
Example ONE: Screen Design

POOR:

LaserWriter "LaserWriter II NT" 52 m
Coples{I__1 Pages: @ Al O From:[_JOTo{ ]
CoverPage: @No OFistPage (O Last Page CE"D

Paper Source: @ Paper Cossetie © Manual Feed
Section Range: From{™ ] To:[— ] 3 Print Selection Only
[] Print Hidden Text [ Print Next Fils [0 Print Back to Front

sopyright 1983 Deberuh J. Mayhaw & Assssinios

ey
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?
Example ONE: Screen Design

PRINCIPLES:
Poor use of white space
No grouping

Group titles not distinguished from
captions - hard to find

Horizontal orientation of menus - hard to
read

Poor ordering
Inconsistent button location

= sapyright 1988 Debormh J. Moyhaw & Acsosiaio
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Managing the Design of the User Interface

i

WHAT MAKES AN INTERFACE USABLE?
Example ONE: Screen Design

IMPROVED:
PRINT LaserWriter: "LaserWriter II NT" v&3
L ————————— -
Document: [Documentiome &}
r PAGE AND SECTION RANGE
O Au Coplea: 1]
© From Page: [} in Bection:[” ]
TPwe= Cllseain]]|  punropmons
COVER PAGE PAPER SOURCE - g:l:monly
N @ Paper Casetie Back to Front
| Qi O Manual ) Hidden Teut
@)

capyright 1003 Deborah J. Mayhar & Ascoviains
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?

Example TWO: Organization of Functionality

POOR:
Company ABC
ORDER FORM
Gloria Vanderbilt Jeans $125.00
Gloria Vanderbilt Jeans $125.00
Gloria Vanderbilt Jeans $125,00

Mohair Turtleneck Sweater  $21000
Mohair Turtleneck Sweater  $210.00
Mohair Turtleneck Sweater  $210.00
Reversible Disco Bag $ 56.00
Italian Sling Back Pumps $175.00
Italian Sling Back Pumps $175.00

bkl Bl 8 e

To View Item Summary, Press Item Number and ENTER
To View Next Page, Press NEXT
To Leave Farm, Press CANCEL

wopyright 1980 Deberah J. Mayhas & Assosicice
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?
Example TWO: Organization of Functionality

POOR:

Company ABC
ORDER FORM
(TEM SUMMARY

8. Mohair Turtleneck Sweater

Size: 10
Color: Jade
amntity: 1

Tice: $210.00

To Change Item, Press ENTER
To View Next Item Summary Press NEXT
To View Previous Item Summary, Press PREV
To Return to Order Form, Press CANCEL

[+

El sepyright 1960 Deborah J. Moyhar & Ascosiains
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?
Example TWO: Organization of Functionality

Overtaxes human short-term memory
Tedious navigation

Organization does not support user task

PRINCIPLES:

aapyright 1963 Deborah J. Mayhow & Assosintes 9 ILFJ
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?
Example TWO: Organization of Functionality

IMPROVED:
Company ABC
ORDER FORM
NQ.__ITEM {OLOR  SIZE PRICE QUANTITY
1 Jeans Black 8 125.00 1
2 Jeams Black 10 125.00 1
3  Jeans Black 12 $125.00 1
4  Sweater Red 8 $210.00 1
5  Sweater Blue 8 10.00 1
6  Sweater Orange 8 10.00 1
7 Disco Bag $ 56.00 1
8 Pumps Black 812M $175.00 1
9 Pumps Black oM $175.00 1
To View Item Summary, Press Item Number and ENTER
To View Next Page, Press NEXT
To Leave Form, Press CANCEL
. . sl
al aopyright 1983 Deberuh J. Mayhew & Associster 10 F
Gt ]
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Managing the Design of the User Interface

]

WHAT MAKES AN INTERFACE USABLE?
Example THREE: Color

aapyright 1960 Daborah J. Mayhams & Associaina
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Managing the Design of the User Interface

g

WHAT MAKES AN INTERFACE USABLE?
Example THREE: Color

PRINCIPLES:

Use color sparingly

Use color to support the user's task

Use color consistently

Provide good foreground/background contrast

Color contrasts better with black or white than
with other colors

Use lighter (vs. darker) colors to draw attention
Avolid saturated blue for text

Exploit cultural color associations

"Warm" colors appear larger than "cool” colors

Allow users to turn color coding off or ask for
different coding criteria

wpyright 1983 Deboroh J. Moyhew & Asvooin tos
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?
Example THREE: Color

IMPROVED:

4/13/93 XYZ SYSTEM 3:30 pm

Accounts Payable

DUE
NAME ACCT * DATE PAID
Alberts, S 12X-45 4/ /33 Ves

Camon, 8 418-44 4/ 1793 No
Fisher, 5. 334-0t 4/15/93 No
James, R.  214-91 4/28/93 No
Jones, B §7-23 4/ 7/33  VYes
March, K. 441-88 4/:12/93 No

[To scroll forward, Press DOWN To exit, Press CANCEL
[To scroll back, Press UP

copyright 1060 Dabarah J. Moyhew & Asveciaies
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Managing the Design of the User Interface

WHAT MAKES AN INTERFACE USABLE?
Example FOUR: /O

SOUND AS OUTPUT

"One can imagine how a single sound could be used to
give information about a file arriving in a message
system. The file hits the mailbox, causing it to emit a
characteristic sound. Because it is a large message, it
makes a rather weighty sound. The crackle of paper
indicates a text file - if it had been a compiled
program, it would have clanged like metal. The sound
comes from the left and is muffled: The mailbox must
be in the window behind the one that is currently on
the left side of the screen. And the echoes sound like
a large empty room, so the load on the system must be
fairly low. All this information from one sound!"

William W. Gaver, "Auditory Icons: Using Sound in Computer Interfaces”,
Human-Computer Interaction, 2, no. 2(1986), 167-177

anpyright 1903 Duborah J. Mayhus & Asswsintos
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Managing the Design of the User Interface

HOW DO YOU DO IT?

7 Principles and Guidelines

5" Methods
I~ Expertise
t.l'-‘! capyright 1983 Deborah J. Muyhae & Associsioe 15 !l-l,j

LBF DR A 5
Managing the Design of the User Interface
HOW DO YOU DO IT?

Principles and Guidelines

User
Model

Dialog 170

Style | Devices

Organization of

Functionality

Screen Layout and Design \
Response Time Error Handling \

/ User Documentation \
ﬁl capyright 1963 Deberah J. Meyhew & Asseciates 16 [‘{':'.j
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Managing the Design of the User Interface

HOW DO YOU DO IT?
Methods

& Scoping

IF” Functional Specification

7" Design

IF” Development

¥ Testing/Implementation

"'-l copyright 1083 Debereh J. Mayhws & Associass
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Managing the Design of the User Interface

HOW DO YOU DO IT?
Methods

ADDING HUMAN FACTORS TO
THE SOFTWARE DEVELOPMENT PROCESS

;copmo i’u’ﬁ(’:‘ﬁ% % t;gé\’rf:i;g TI;{E}SZ'I‘;{:N’(;/,
o

APPLICATION|

PROJECT

TEAM

USER

s
@ acopyright 1963 Debsrah J. Mayhay & Asvesiaios 18 !l-"j
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Managing the Design of the User Interface

HOW DO YOU DO IT?
Methods

ADDING HUMAN FACTORS TO
THE SOFTWARE DEVELOPMENT PROCESS

R
. SCQPINGA#455545555555 )
APPLICATION| | Businase Business
l,] ROJECT Defini- B;q.:n:
ven Analysis

USER
INTERFACE
GROUP

— . -
I ht 1003 Deberah J. Mo & Assunis
.-.l sopyrig) layhae o
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Managing the Design of the User Interface
HOW DO YOU DO IT?
Methods

ADDING HUMAN FACTORS TO
THE SOFTWARE DEVELOPMENT PROCESS

: FUNGTIONAL SPECIEICATIONSS,
APPLICATION Punetl Trog/
TEAM Bpec Dera
USER
INTERFACE
GROUP
El-'! aapyright 1008 Deboreh J. Mayhaw & Asovoiates 20 JF -
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Managing the

the User I

HOW DO YOU DO IT?
Methods

ADDING HUMAN FACTORS TO

THE SOFTWARE DEVELOPMENT PROCESS

e
- DESIGNIIIA555555565%

APPLICA-
TION

Ul
Code
Spece

i
i}

copyright 1903 Doborah J. Moyhaw & Assosinies
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Managing the Design of the User Interface

HOW DO YOU DO IT?
Methods

THE SOFTWARE DEVELOPMENT PROCESS

ADDING HUMAN FACTORS TO

LDEVELOPMENTAAAA,

:

APPLICATION
!

Systam
Test

Traizing
Plan and

Coding

INTERFACE

pyright 1983 Dobornh J. Mayhow & Asvosiatn
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Managing the Design of the User Interface

HOW DO YOU DO IT?
Methods

ADDING HUMAN FACTORS TO
THE SOFTWARE DEVELOPMENT PROCESS

VYV VY Yy rryy

| TESTING/IMPLEMENTATIONZ

PROJECT Sotware | [ Hardwares | | | Prrdnctien

TEAM Testing Installation os
Testing

USER

INTERFACE

GROUP

anpyright 1988 Duboreh J. Mayhas & Acsesiatos
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Managing the Design of the User Interface

Minimum Requirements:

Minimum 3-5 years experience e a h

HOW DO YOU DO IT?
Expertise

Senior Human Factors Engineer

Ph.D. or Masters degree in Cognitive Peychology or Human Factors

factors prof

Experience conducting user proflles
Experionce performing task analyses
Experience designing user interfaces
Experience developing style guides

Strong interpersonal skills
Strong negotiating skills

Oun-The-Job Training:

Min imum 3-5 yoars experience in a software development environment
Expevience managing human factorsiuser interface projects

Experience designing and implementing usability tests

» Send to short courses on advanoed topics in user interface design
» B8Send to annual SIGCHI and Human Factors Society conferences

sapyright 1000 Doboruk J. Mayhas & Assosiaio
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Managing the Design of the User Interface

HOW DO YOU DO IT?
Expertise

User Interface Designer

Minimum Requirements:

Minimum 3-S years experience in a soft e develop t envir
Experience designing user 1

Mol /i oot in designing user Interfaces

Strong interpersonal skills
Strong negotisting skills

£,

On-The-Job Training:

Send to short courses or night courses on basic user interface design and
cognitive psychology
Send to annual SIGCHI and Human Factors Bociety conferences

oopyright 1963 Deberah J. Mayhaw & Asociates

L3 D JR A

Managing the Design of the User Interface

WHY SHOULD YOU CARE?

I Low Productivity

7 High Training Costs

IF” Costly User Errors

IF” High Support Costs

I3” High Employee Turnover

I3” Underutilized Systems

owpyright 1983 Deberah J. Mayhew & Assscieies
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Managing the Design of the User Interface

WHY SHOULD YOU CARE?

I Productivity

20 Users
230 Days per year
80 Screens per day
10 Seconds per screen

1022 Hrs (25.5 Wks) per year

D! copyright 1983 Debsrah J. Moyhew & Asseciatm. 27 r[j
1
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Managing the Design of the User Interface
WHY SHOULD YOU CARE?
I Training
20 Users

2 Systems per year
1.5 Days per system

60 Days (12 Wks) per year

[._‘,_ll aapyright 1988 Deborah J. Moyhae & Assosictos FY] IFJ

61



Managing the Design of the User Interface

L3 uns A

Managing the Design of the User Interface

WHY SHOULD YOU CARE?

1> Errors

600 Users
12 Errors per year
17 Minutes per error

2040 Hrs (51 Wks) per year

sopyright 1963 Deberoh J. Mayhas & Avoosistos

ot
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Managing the Design of the User Interface

WHY SHOULD YOU CARE?

" User Support

600 Users
4 Calls per year
15 Minutes per call

600 Hrs (15 Wks) per year

anpyright 1983 Dubarch J. Mayhas & Asscsictor
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Managing the Design of the Utser Interface

WHY SHOULD YOU CARE?

BAMPLE COST/BENEFIT ANALYSIS
OF ADDING HUMAN FACTORS TASKS
TO A SOFTWARE DEVELOPMENT

adapted from Iu‘d.luﬂynl -nd'l‘-ol'-y ‘l‘oby-l., “Cost/Beneflt for Incorporating Human

Pactors in the th April 1988, Vol. 31, No. 4, pp 428430
GENERAL ASSUMPTIONS:
Medium-sized sofltware 32,000 lines source code)

15 person years to build 7l:neludh' HF time)

System to be used by 250 employees

Developers and HF ‘Inm !ully londed wages = §35.00/hour
Users fully loaded '1

Clerical lupport staff Tully Io-dod wages = $15.00/hour

ANALYSIS SUMMARY:
TOTAL BENEFITS: $ 175,104 (per year)
TOTAL COSTS: 132,185 (ome time)

FIRST YEAR SAVINGS: =$ 42,919

oapyright 1963 Duboral J. Mayhaw & Assoviaies
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5]

Managing the Desi, the User Inte

WHY SHOULD YOU CARE?
IRIAICI)O'N OP cosTs
LIFECYLE u NO. TOTAL WEEKS/
STAGE TABK 'I'A!l TASKS CO8T 'I'All(
- HF Lab Setup #20,000 1 #20,000 [}
Socoping User Definition 2,418 2 4880 )
{Intervisws)
Punetional TASK ANALYSIS
Specification User Intarviews 1,428 4 8,700 2
User Questionnaire 6,000 1 6,000 [ 1
Usage Study a120 1 o120 4
Design Style Guide 18,800 1 18808 s
Simulation Test 6,130 3 18,080 1 ]
Purchase of UIMS 15,808 1 15800 4
Pretetype Coustrus 1 5,800 4
PROTOTYPE TESTING:
Prototype Test 6210 3 18900 [
Prototype Change ne ”n 5,800 2
Tooting/ SYSTEM Ul TESTING:
Implementation Prototype Test 4120 3 18800 [
Pretotype Change 200 20 5,800 2
Ul EVALUATION:
User Survey 8,000 1 6,000 |
User Interview 2,438 3 1378 1
Usage Study a120 1 4,220 44
TOTAL COSTy $133,188

aapyright 1903 Deborwh J. Moyhaw & Assosiaise
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Managing the Design of the User Interface

A

WHY SHOULD YOU CARE?
BREAKDOWN OF BENEFITS
IXYPE OF SAVING AMOUNT
Decreased Training $ 62,500
Decreased Errors 71,848
Increased Productivity 23,938

Decreased Late Design Changes 16,800

TOTAL BENEFITS: $175,104

oupyright 1963 Debarah J. Meyhaw & Assecistes
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Managing the Design of the User Interface

WHY SHOULD YOU CARE?
DERIVATION OF COSTS

1. HF LAB SET UP

Lab design snd equipment selection: 160 hrs @ $35/Hr
Carpenters and electricians: 80 hrs @ $25hr
Videocamerss, VCRs, one-way mirror

TOTAL:

USER INTERVIEWS

10 Interviewees for 1 hour @ $25hr
Interviewer ® $35/hr:

18 hrs designing interview

10 hre conducting interviews

28 hre analyzing results
3 Support staff @ 5 hrs each @ $15hr
Videotapes
TOTAL:

$5,600

12,400
$20,000

oapyright 1983 Dabsrah J. Moyhaw & Assecisies
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Managing the Design of the User Interface

g

WHY SHOULD YOU CARE?

DERIVATION OF COSTS
3. USER SURVEYS/QUESTIONNAIRES

Development of survey: 40 hrs @ $35/hr
Pilot testing: 40 hrs @ $36/hr

Distribution and collection: 20 hrs @ $15/hr
Responding: 80 users for 1/2 hr @ $25/hr
Coding and entering data: 20 hrs @ $15/hr
Analyzing results: 40 hrs @ $35/hr
Computer time

Supplies and duplicating costs

TOTAL:

4. USAGE STUDY, SIMULATION TEST OR PROTOTYPE TEST

Development of test: 40 hrs @ $35/hr 1,400
Pilnt testing and revisions: 40 hrs @ $35/hr 1,400
Running test: 40 hre @ $35/hr 1,400
Subjects: 10 @ 2 hrs @ $25/hr 500
Analyzing results: 40 hrs @ $35/hr 1,400
Videotapes 120
TOTAL: 8,220
copyright 1963 Debsrwh J. Mayhae & Asoosintes 35 F"'
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Managing the Design of the User Interface
WHY SHOULD YOU CARE?
DERIVATION OF COSTS8
3. USER SURVEYS/QUESTIONNAIRES
Development of survey: 40 hrs @ $35/hr $1,400
Pilot testing: 40 hra @ $36/hr 1,400
Distribution and collection: 20 hrs @ $15/hr 300
Responding: 80 users for /2 hr @ $25/hr 1,000
Coding and entering data: 20 hrs @ $15/hr 300
Analyzing results: 40 hrs @ $35/hr 1,400
Computer time 100
Supplies and duplicating costs 100
TOTAL: 8,000
4. USAGE STUDY, SIMULATION TEST OR PROTOTYPE TEST
Development of test: 40 hrs @ $35/hr 1,400
Pilot tasting and revisions: 40 hrs @ $35/hr 1,400
Running test: 40 hrs @ $36/hr 1,400
Subjecte: 10@ 2 hrs @ $25/hr 500
Analyzing results: 40 hrs @ $35/hr 1,400
Videotapes 120
TOTAL: 6,220

onpyright 1983 Deborah J. Mayhaw & Asessioten
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Managing the Design of the User Interface

WHY SHOULD YOU CARE?

DERIVATION OF COSTS

8. STYLE GUIDE

Author: 340 hrs @ $353hr
Committee: 4 @ 80 hre @ $3S/hr

TOTAL:

. PURCHASE OF UIM8

Revi packag 160 hrs @ $35/h:
Cutzl:v'crqo pn:“hgo i

TOTAL:

e

18,800

10,000
15,600

aapyright 1980 Daborah J. Mayhow & Assosiatos
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WHY SHOULD YOU CARE?

DERIVATION OF COSTS

7. PROTOTYPE CONSTRUCTION (does not iInclude design)

Screen layouts: 80 hre ® §35/hr
sa.e.n.zmm: 80 hrs @ $33hr

TOTAL:

. PROTOTYPE CHANGE IN RESPONSE TO TESTING

Bcreen Inyouts: ¢ hrs @ $38/hr
Bcreen transitions: ¢ hre @ $38Nhr

TOTAL:

§ 5

140

aapyright 1900 Deborok J. Mayhuo & Avocsiaies
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Managing the Design of the User Interface
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WHY SHOULD YOU CARE?

DERIVATION OF BENEFITS
1. DECREASED TRAINING
mlcal 1 week training course reduced by 25% or 10 hre
users
Hourly rate of $25
250 users X 10 hre X $25 = $82,500in firel year
TOTAL: $62,500

2. DECREASED ERRORS

250 users

1.5 errors eliminated per user per day
230 working days per year

2 minutes in recovery time per error
Hourly rate of $25

250 users X 1.5 errors X 230 days X $0.83%¥error = $71,848 per year
TOTAL: 71,848

capyright 1080 Debereh J. Moyhas & Associates
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Managing the Design of the User Interfoce

WHY SHOULD YOU CARE?
DERIVATION OF BENEFITS
3. INCREASED PRODUCTIVITY
250 users
60 screens per day
230 days per year
Process| im educed by 1 d
Hourly ::'u‘ol :&er pereen by 1 secon
250 users X 80 screens X 230 days X 1/3800 hrs X $25 = $23,958 per year

TOTAL: $23,958

4. DECREASED LATE DESIGN CHANGES

Changes made early cost 1/4 of changes made after implementation
20 changes made early

8 hrs per change

Hourly rate of $38

Early change cost = 320 changes X 8 hrs X $35 = $5,600

Late change cost = 4 X early change cost = 322,406
Bavings = late change cost - early change cost = $18,800 in firel year

TOTAL: 18,800

capyright 1089 Deborah J. Mayhaw & Asvociater
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Managing the Design of the User Interface

WHY SHOULD YOU CARE?

I3 Common questions about CBA of Human Factors function

Is time & legitimate benefit for a CBA?
Yes
Time is money.
User time can be expensive.

Companies often want Lo increase volume of sales/service without
incressing personnel.

Will users actually take advantage of potential productivity gains?
Yes.

Studies show users realize bigger productivity gains on complex
tasks than on simple ones.

Organizations provide incentives for productivity.

Personal and snecdotal experience suggest people make use of
more powerful tools by being more productive.

Why should development iIncur the cost when users get the benefita?
To meet overall business goals.

Development should be driven by business goals.

capyright 1083 Deberah J. Mayhaw & Asvociaies
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WHO ELSE IS DOING 1?7
SOFTWARE VENDORS COMPUTER VENDORS
Lotus 2 IBM 150
Apple Computer 15 DEC 20
Ashton-Tate 1 Wang 12
Microsoft 3 Xerox 50
Unisys 8
Data General 3
FINANCIAL SERVICES Hewlett Packard 15
., Bell Labs 250
Citibank 20 Symbolics 2
Aetna 4 Sun Microsystems 7
IDS Financial Services3 NCR 13
The New England 1

ChemicalBank 1 CONTRACTORS
BBN []
OTHERS AIR 8
DRC 6
US West 4 GTE Labs 5
Eastman Kodak 10 GTE Data Services §
Nynex 2 Mitre Corp. 4
CLDS Church 8 Boeing 5

opyright 1903 Deberah J. Moyhaw & Assosistor
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B JRAA 7
Managing the Design of the User Interface
WHAT HAS THEIR EXPERIENCE BEEN?

[ (An Aerospace Contractor)  CAD

I (A major Computer Vendor) On-Line Help

5" IBM Security

I DEC Disk Drive

I (A Phone Company) Videotex
""-1 copyright 1983 Deberuh J. Moyhow & Ascocictes 43 F"
[_-_Jl ll_]
7 78,

WHAT HAS THEIR EXPERIENCE BEEN?

(An Aerospace Contractor): CAD

A large aerospace contractor evaluated several
CAD systems

An identical task was performed by expert
operators on each vendor's equipment

Task was to input a complex 3D part, starting with
engineering sketches

RESULTS:

Fastest system: 4 hours to complete task
Slowest system: 8 hours

The contractor purchased the fastest system

mpyright 1963 Debsrnh J. Moyhas & Assosiaton
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Managing the Design of the User Interface

WHAT HAS THEIR EXPERIENCE BEEN?

(A major computer vendor): On-Line Help

Engineers proposed an on-line help system be
added to an existing product

Customer Support objected, concerned it would be
more software to support

Help system was implemented

Help calls on product reduced by 30% as a result

wopyright 1983 Duberwh J. Muyhow & Assosisive 45 lF
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Managing the Design of the User Interface
WHAT HAS THEIR EXPERIENCE BEEN?

IBM: Security

Clare-Marie Karat, Tterative Usability Tosting of a Security Applisation”,
umnmnmmmm-mlm.»
273-3717

23,000 end users, large data entry and inquiry application
Changes made to security dialog at sign on

GOALS:

83% end users to sign on error free after three tries
Ideal average time for experienced user = § seconds

SUBJECTS:
IBM Administrative staff

2 years experience in current jobs
Experienced computer users

wpyright 1083 Deborah J, Mayhaw & Assssinios Y] I"-_-]
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Managing the Design of the User Interface
WHAT HAS THEIR EXPERIENCE BEEN?

IBM: Security
Time In Seconds

- Test 2

o B & 2 B
L

|

TR TR T

— copyright 1980 Deborah J. Moyhas & Aseosistes 47
is) 12
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Managing the Design of the User Interface
WHAT HAS THEIR EXPERIENCE BEEN?

IBM: Security

RESULTS:
In Test 8, 100% signed on error free after third try
Median time on third trial in Test 3 = 7 seconds

o
COST/BENEFIT ANALYSIS:

Calculated for first three sign on attempts only

Total difference between Test 1 and Test 3 summed across
three trials per user = 4.87 minutes

22,876 users X 4.67 minutes = 1,781 hours
Benefit = 1,781 hours X hourly rate = $41,700

Cost of three tests = § 20,700

Net Benefit of $ 21,000
'm aapywighi 1981 Deborsh J. Moyhow & Asssciaios PT] F"
5 1]
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Managing the Design of the User Interface

IDJIIA 1]
Managing the Design of the User Interface
HOW CAN YOU GET STARTED?
5 Short Term Action Items
¥ Long Term Planning
a1l sopyright 1998 Deberah J. Mayhuw & Assasiatee €9 F"‘
L'l l\J

IDIMA

Managing the Design of the User Interface

HOW CAN YOU GET STARTED?
Short Term Action Items

IG5 Recognize Importance
I35 Raise Awareness

I3 Provide Education for Project Managers
on Methods

I Provide Education for
Designers/Developers on Design
Principles and Guidelines

I3 Conduct Experimental Projects to
Demonstrate Value (e.g. usability tests)

I Gain Commitment

aopyright 1903 Debarah J. Moyhow & Assonintas
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Managing the Design of the User Interface

=3 l

IDJ LA L=5

Managing the Design of the User Interface

HOW CAN YOU GET STARTED?
Long Term Planning

I3 Design a Human Factors methodology

I” Design a Human Factors organization

5" Recruit and hire Human Factors
Engineers, train internal User Interface
Designers

I Develop Appropriate Style Guides

3 Develop/Expand a Usability Lab

I Expand the Human Factors function
across the company

3 anpyright 1083 Daborah J. Moyhaw & Asvosiotes 51 .F"
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Technology Transfer

Marti Szczur
Goddard Space Flight Center

PRECEDING PAGE BLANWK NOT FILMED
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"#fﬁ«;'?y TAE 10th Users Conference b
Gan) 50 June 1993 Conterence
TAE

Yesterday, Today & Tomorrow

Marti Szczur
NASA/Goddard Space Flight Center
Software and Automation Systems Branch

AE

Under Discussion votn e

Conference

« TAE Classic, the Prewindow Period 1980 -1985

« TAE Plus, the New Beginning, 1985-1988
» TAE Plus Matures 1989-1992
» TAE Plus Commercialization 1993

« GSFC's Future Directions

PRELEL‘E’\SL ?”(3{‘ 'f:i.,':\:;:{ :;(T ”LMF!‘! 77 m_.g_.‘g__fm&"ﬂﬁifidn’&k ,"i/\‘,



SF

TAE
Incremental Life Cycle

TAE
10th Users
Conference

Flan.
Define Requirements

Commercisl
Version
TAE Plus 5.3

——1993

\

Design
Evnlgnio AltomltlvoJ

REQUIREMENTS
* multiuser, portable applications control executive

- friendly environment for users

* extensive information management support
» standard set of executive services

- extensibility to allow installation of new programs

with eagg .
* VICAR compatibie

78

Measure, Learn, Develop &
Plan Next Phases Implement
21\ Oata Sysamse
(R 1980 o
@ 20 Conference
O
ﬁ o ¥y TAE
@ Om o " Concept
H q Plan



1981 ol

Canference

« Develop Proof-of-Concept Prototype

- Implementation language Selection Issue

» Support 3 operational systems

« Future versions must be upward compatible
« TAE Support Office created

« 1st TAE External Review

1982 - 84 e

Conference

« Four prototype releases between August '81 and Oct '82

C selected for implementation language

By 1982, 13 different projects were using prototype
versions

November 1983, first operational system, V1.0
New releases delivered in 1983 and 1984

Operational on VAX/VMS, PDP 11/RSX-11M, Data
General Eclipse

« TAE ports into UNIX environment
+ TAE Support Office works with the user community

« By 1984, 30 different user sites are recorded

79



1985 o

Contersnce

;\ Data Systome
O\ Technelogy
=

» Introduction to the Macintosh and the arrival of
GUIs with mice and windows

» Arrival of first "low-cost" graphic workstations with
windows

* 5th TAE Users' Conference

* ... And the fun begins
- experiments with VT220 and VAXStation 100
- the TAE Facelift phase

1986- 89 e

Conference

DF

+ Conceptual Description of a WorkBench in '86

+ Rapid Proof-of-Concept Prototype of TAE Plus in '87
-- Smalitalk and X Windows 10

« 6th Users’ Conference ('86) and 7thUsers’ Conference ('88)

* Object-oriented language selected for implementation

language
-- C++ or Dbjective C?

-- Compiler Woes

» Papers given at ACM Symposium '87, OOPSLA '88, NCGA
‘88, Xhibition '89

* Two Prototypes in ‘88 followed by two beta releases in '89

80



TAE

1990 e

Conference

« TAE Plus papers given at USENIX '90, MIT X
Conference '90

« Over 350 Beta Test Sites

« TAE Plus V4.1 (Ist Operational Release) goes to
COSMIC in '90

« 8th Users Conference hosted by JSC

TAE 8th Users Conference

Future Directions
« Full Motif functionality support ?
-- WorkBench support for all Motif objects
-- WorkBench support for Motif conventions/style
-- UIL support
« Architect/Builder WorkBenchs
- Integrate/add object builder into TAE Plus
« Graph builder support
« Hypermedia support
« WorkBench improvements

- Support object direct manipulation and object
dependencies

81
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=| 1990 st

* TAE Plus papers given at USENIX '90, MIT X
Conference '90

* Over 350 Beta Test Sites

* TAE Plus V4.1 (Ist Operational Release) goes to
COSMIC in '90

* 8th Users Conference hosted by JSC

1991 o

Conlerence

* Honorable Mentions for "Best in Open Systems
Solutions" (FEDUNIX)

* NASA Group Achievement Award to TAE Plus team

* TAE Plus presented/demoed at several aerospace
conferences and tutorial at MIT X Conference

* TAE Plus Submitted as a candidate API to IEEE 1201
Committee

* V5.1(with OSF/Motif™ toolkit) is delivered to COSMIC

* 9th TAE Users Conference in held in November '91
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1992 e

Conference

« TAE Plus article published in The X Resource Journal
« TAE Plus presented/demoed at CHI'92 and HC1 92

« Over 500 TAE Plus V5.1 User Sites

« TAE Plus V5.2 is delivered to COSMIC

« Decision to transfer the technology...Why Now?

- Planning the transition

DF

1993 e

Conference

« GSFC's TAE Project Management changes hands
« TAE Plus article published in ACM's TOIS

« V5.2 goes to COSMIC

« Technology Transfer Agreement is finalized

» TAE 10th Users Conference

« Commercialization of TAE Plus

12
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(| Future Directions

:AE
o
@ ::onfuo:n:o
Successful User Interfaces
Usér interface
olop
* diagram derived from Ben Shneiderman's *Three Pillars of Successful Ul Design
13
) Data Systems R TAE

6:'3 Tonan” In Conclusion 10h Users

2 S Conference
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TAE V5.3 Summary

Don Link
Century Computing Inc.
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THE
COMMERCIALIZATION
OF TAE PLUS

Don Link

Cenlury Compating, Inc

1014 Wesl Street. Laurel, MD 20707
(301) 9533330

Internet: dlink@cen.com

Introducing Century Computing

TAE Plus Development Directions
BREAK
TAE Plus v5.3

TAE Plus Business Philosophy & Plans

NOT FILMED 87



Introducing Century Computing

a Our People
» Our Company
+ Our Business

Our People

47 Employees
Average of 12 yrs Experience

» Expertise in G, C++, Ada

Over 50% with Advanced Degrees

4

»

88



Our Company

» Foundedin 1979
» Began TAE Development in 1981
Employee Owned

>

»

Financially Sound
» Committed to Customer Satisfaction

Our Business

Graphical User
Interfaces Image Processing

89



Our Business

Spacecraft
Simulation Ground Systems

1992 Business Mix

Government

. Commercial
Prime

Government

90



Business Philosophy and Plans

« Focus on Installed Base
Emphasize Quality

»

Promote Customer Participation

>

Meet Customer’s Needs
» Provide an Affordable Product

»

| Focus on Installed Base

» Continue Excellent Support and Services
- Technical Support Office
- Newsletter
- Users' Conference

» Make Upgrade to v5.3 Affordable

91



Emphasize Quality

» Fix Known Bugs

» Beta Test Sites

New QC and QA Procedures
Automated Testing

Quality Service

[

»

»

| Customer Participation

TAE Plus Advisory Group
Electronic Suggestion Box
E-mail Discussion Group
Users’ Conferences

User Surveys

Focus Groups

»

>

»

»

»

»
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lMeet Customer’s Needs |

. Customer Satisfaction Key to Success
» Market Forces at Work

» New Features

» Better Documentation

» Competent & Available Technical
Support

. Technical Training Seminars
. Consulting Services

1 An Affordable Product I

» Aggressive Pricing

. Creative Licensing
. Unbundle Ada and C++
. Government and Educational Discounts

93



| Development Directions

Truly Graphical Interfaces
Direct Manipulation

Rapid Prototyping and Iterative
Refinement

Non-Programmer Use
Standards Compliance
Integration with Other Tools
Targeted Application Areas

»

»

»

»

»

»

»

Questions and Answers

Coming up:
TAE Plus v5.3
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TAE PLUS v5.3

Don Link

Century Compuling, inc.

1014 Wesl Street. Laurel. MD 20707
(301)953-3330

Internet: dlink@cen.com

1 Development Directions

Truly Graphical Interfaces
Direct Manipulation

Rapid Prototyping
Non-Programmer Use
Standards Compliance
Integration with Other Tools
Targeted Application Areas

| 4

>

4

»

>

>

| 4
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° Gaphics + Direct Manipulation

@ New Types of DDOs (e.g., 2-D mover)
o Import of Graphics (e.g., TIFF)

® DDO Input

™ Composite DDOs

& Object Creation at Runtime

Q Color Pixmaps

O Movable Items at Runtime

@ Simple Graphic Decorations

Altitude Aﬂ;

(feet) - 7T

nnnnnnnn

2 4 6 8 10 12 14 18
Range {miles)
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Impor of TIFF Pictures

T UIT03 SF R

DDO Input

Cursor Crntdinate GateTime 0B+ AT LAY 85

a Supports direct
manipulation
applications

a Increases flexibility of
user input & control

97



DDO Input (Selection)

A Keys are separate
dynamics

A Mouse clicks on
keys generate
events for DDO

Thermostat

Composite DDOs

Auto Dashboard Under Design

a Allows collections of DDOs to be treated
as one unit

a Allows different types of DDOs on a
common background

98



Runtime Creation of Dynamics

Rapi Prototyping

v5.3
@ Automated Code Merge

@ GUI Scripting

Q Addition of New Widgets

O Tool Maker's Workbench

O Workbench Productivity Aids

99



Automated Code Merge

Speeds up iterative development
Reduces maintenance costs

Reduces errors related to code
regeneration

Promotes iterative development

»

»

»

»

Manually | Edit Code

Automated
Code Merge

\

-

100



» Automated and Repeatable
Application Tests

Application Demos

»

» Tutorials
Record/Playback Facility
Based on perl Language

»

»

 Non-Programmer Use

vb.3
a Extended Connections

Q Inter-Item Relationships
0 Object Templates with Inheritance
0 Composite Presentation Types

101



Standards Compliance

vb.3

UIL Support

ANSIC

a Full Motif Widget Set

O Geometry Management

UIL Support

» Code Generation of UIL and Mrm

» TAE Plus Applications without Runtime
Libraries (Wpt, Vm, Co)

a New DDO Widget
» Increased Portability of Applications

Easier Access to Widget Resources &
Callbacks

Easier Use of Non-TAE Widgets

>

4
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ANSIC Support

» Increased Application Portability

» Improved Code Quality and
Maintenance via Function Prototypes

v5.3
Q Software Development Tools

e.g., Energize, ObjectCenter

a U/I Design Tools
e.g., style checkers/advisors

Q Usability Testing Tools

103



| Targeted Application Areas

» Image Processing
» Geographic Information Systems
» Gommand & Control

Suary of TAE Plus v5.3

%3 2-D Movers

@ Interviews 3.1 with Graphics Import
@ DDO Input

@ Composite DDOs

® Runtime Creation of DDO Dynamics
® Automated Code Merge

@ GUI Scripting

© UIL and DDO Widget

@ ANSI C

104



Usability and Application Testing
Jianping Jiang
CTA Inc.

Jim Hicinbothom
CHI Systems Inc.

Sue Adams
Battelle

Phil Miller
Century Computing Inc.
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Cognitive Limits Extension Methodology

N N e L R A S e R

N
N
N
N
N
N

Aiding/Training
Sub-systems

ATATALLALTATATLIALTATAATRATLLR AR A LA FLrasasassasanena s aasns AATTARRANRRLN NN

Perceived Need :
for New or Revise Describe
Interactive System[™ Problem J\

7 Problem
PrFo'cc:svsg, Data Description
— Daa
Protocol Situation(s) Review
— Situation,
N Cognitive Task, | }
Data ' and Knowledge | |
: Blackboard Modelg }
t| Cognitive Limits ) :
N and Other Identify f :
{| Aiding/Training Limits ¥
|_ Constraints : , }
N List of Applicable | :
Limits Targeted | i
for Aiding/Training| }
N Potential . :
t| Aiding/Training Define
Functions Requirements N
List of Required | }
: Aiding/Training | }
Functions N
:|  Functional : Iy
{| Taxonomies of Identify :
{| Aiding/Training Techniques L
: Technigues — :
: List of Candidate|
{ Aiding/Training | 3}
Techniques :
[ Trade-off Rules
{| and Criteria for Assess N
3 Technique Costs/Benefits §
Selection — N
Situation-Defined| }
N N

Define

System Design
Architecture

Methodologies
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Data Driven Objects

Karl Wolf
Century Computing Inc.

Terry Bleser
Century Computing Inc.

Patricia M. Jones
University of Illinois
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User Experiences with
Data-Driven Objects

Patricia M. Jones

University of Illinois at
Urbana-Champaign

Department of Mechanical and Industrial
Engineering
1206 W. Green St.
Urbana IL 61801

TAE Plus User's Conference, June 1993
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* Part of "pilot" course on
Interactive Systems Design

Application: Manufacturing

Students' favorite

Presentation Item:
Discrete DDO

Very flexible

Utilized example in
documentation on switching
picture files dynamically

Easy to use

Fun!
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Wish List

Generate code for thresholds
set for DDO's

(e.g.,

#define ITEM1_PICTURE1_THRESHOLD 10
better yet:

#define ITEM1_RED 10)

Incorporate dynamic text 1nto
Movers (e.g., for AGV)

In general, composite DDOs
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New DDO: "Tracker" object
for vehicle applications.

User draws arbitrary path

("static"), "dynamic" vehicle
follows it.
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Object Dependencies

Craig Warsaw
Century Computing Inc.

Margi Klemp
University of Colorado
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USING THE SPREADSHEET MODEL OF
COMPUTATION FOR DEFINING
OBJECT DEPENDENCIES

PRESENTED BY

MARGI KLEMP
UNIVERSITY OF COLORADA
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Using the Spreadsheet Model of Computation for
Defining Object Dependencies

Why the Spreadsheet?

* Programming languages are difficult for non-specialists

+ The spreadsheet model has done more to make
computing accessible than any development since
Fortran (Clayton Lewis - New Approaches to
Programming, 1989)

* The spreadsheet model fits well with graphical user
interfaces which can be viewed as intercommunicating
objects

* NoPumpG extends the spreadsheet model to control
graphical interactions and animation (Lewis, 1987)

- Software development projects at the University of
Colorado are building on this model to define
interactions of objects used for scientific visualization
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0.0

Panel (P)

Title (A)
B C
Rotator Stripchart Graph
E F G H
Button1 Button2 Button3 Button4

Workspace

Checkbox
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Geometry Management Examples

Assume the user resizes the panel:

- Item B (rotator) changes size in proportion to the new
window size

B.Xsize = .2 * P.Xsize
B.Ysize = .1 * P.Ysize

- The position of B remains the same relative to the new
panel size

B.Xorigin = .1 * P.Xsize
B.Yorigin = .05 * P.Ysize

- ltem E (button) remains the same size regardiess of
panel size. There are no formulas for the size cells

E.Xsize = 50
E.Ysize = 20
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Geometry Management Examples (continued)

- Items E - H (buttons) are always displayed in the same
order but will be placed in separate rows if not fully
visible on the panel
E.Xorigin = .1 * P.Xsize

F - H are positioned relative to the previous button
We create an ordinary cell for the previous X distance.

previous-diste = E.Xorigin + E.Xsize + spacex

The formula for the X origin of button F is an if
construct:

F.Xorigin = if(F.Xsize + previous-diste > P.Xsize,
E.Xorigin, previous-diste)

 Object visibility could be controlled by a formula. Assume
that item D (graph) should be invisible if the panel X
size is less that 180
D.visible = if(P.Xsize < 180, 0, 1)

- If an item on a panel were resized, the origin and size of

surrounding items could be defined in terms of the new
size of adjacent items
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Other Examples

- Attributes can be propagated via formulas. To maintain the
same background color for buttons E - H define an
ordinary cell for the color
Button-color = "red"

Then use formulas to set the color for each button

E.Bgcolor = Button-color

F.Bgcolor = Button-color

Note that the color could be set from a menu item,
a text list, etc.

- A checkbox (J) could control the visibility of workspace |

|.visible = J
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A Simpler Interface for the TAE WorkBench

Panel resize options:

* Resize an item ( or all items on panel) in proportion to the
new panel size

+ Leave an item (or all items on panel) the same size
clipping where necessary

- Group selected items maintaining sequential positioning
within the group (create extra rows or columns as
needed)

Specify the options above via standard TAE interaction
objects

Automatically generate the spreadsheet including formulas to
define the selected option
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Summary

. The spreadsheet model of computation appears to handle
many of the problems encountered by user interface
designers in regard to object dependencies which would

traditionally require a programming solution.

- Formulas may become quite complex. A simpler interface
could be used to define the behavior for the most
commonly used scenarios.
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Integration with Other Software

Chris Barclay, Joseph Molnar
Naval Research Lab.
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Greg Shirah
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The Development of a Graphical User Interface
to the Fault Isolation System Database Manager

Delivered to the Tenth TAE User's Conference
June 14-17, 1993

Christopher Barclay
Joseph Molnar

Information Technology Division
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Knowledge Databases

Enhanced knowledge database development and management

Goal: Working Expert System
*  Reliability

* Ease of Use

e  Robust

*  Data Management

Method:
*  Empress

- Reliable Database

- Data Management Functionality
 TAE

- Ease of Use

- Rapid Prototyping

- Intuitive Interface
190
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Choose a selection:
Database Conversion
Print a Database
- Expert Knowledge Aquisition
- Work with a Database
" Create a Database
Delete a Database

vHelp | Quit
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What tyvpe of database is it:
“ Rules
- Test

Current Files:

bhugs

close.c
compile*
fisdmpro*
fisdmpro G
fisdmpro.clog
i [
fisdmpro.mak
fisdmpro.o

What is the database fisdmpro.h
vou would like to convert .

What is thename of
the new file

Convert ' Main Menu
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